Abstract-We have measured the stiffness in cyclotorsion of the human eye using a scleral suction contact ring mounted on a shaft fitted with an eddy current motor to provide the torque to turn the eye and a shaft-position-encoder to register the torsion. The relation proved to be almost linear within the measuring range in four subjects with constant slope values of about 0.75.0.60. 0.55 and 0.45 g.cm/deg. The average, 0.6 g.cm/deg, equals 0.S g if applied at the radius of the globe. This value is rather low compared to the values obtained by other authors for horizontal eye movements. This may be due to different length-tension characteristics of oblique muscles compared to recti muscles.
Eye movements

Cyclotorsion
Muscle force Orbit Tissue elasticity lNTR ODUCTION
The statics of eye muscles have been investigated in the intact human eye and in detached eye muscles. The relation between length and tension in detached eye muscles was thoroughly examined by Robinson et al. (1969 ), Scott (1975 and Collins et al. (1969) . During strabismus surgery a desinserted lateral rectus muscle was connected to a force transducer and the length-tension relation for that muscle was recorded with the other eye looking into various horizontal directions. Forces in the intact human eye were assessed more recently by Collins et al. (198 I) using a forceps fitted with electronic strain gauges. They found a stiffness of about 1 g/deg when the eye was moved with the forceps horizontally from the primary position. This stiffness is the sum of the elasticity of the supporting tissues of the eye and the elasticity of the muscles of the eye. It can be expressed as torque per duction, in units g.cm/deg, or g/deg, assuming that the force is applied at the radius of the globe (1.2 cm).
We have measured the stiffness in cyclotorsion of the eye using a scleral suction ring mounted on a shaft fitted with an eddy current motor to provide the torque and a shaft-position-encoder to register the torsion.
,WETHODS Four subjects were recruited from colleagues in our department. Three were male and about 30-years old, the fourth subject was female, about 20-years old. The subject was seated in a chair, mounted on a wall of the room. The chair was constructed for photographic measurement of cyclotorsion evoked by body tilt, i.e. the ocular-otolith reflex, so the chair could tilt about an anterior-posterior axis. For these experiments, however, the chair was kept in the upright position. The chair was equipped with a frame extending over and in front of the subject.
On the frame a dental impression holder and a torque-torsion apparatus were mounted, moveable in all directions (Fig. I) . This apparatus was a rebuilt electricity meter (Fig. 2) .
This is an eddy current motor consisting of two static coils and a rotating Ferraris disc. The symmetry of the magnetic field of one of the coils is disturbed by applying a voltage across the other coil. This will generate eddy currents in the disc and the disc will rotate. The coil with the variable current was rewound to adapt the apparatus for low-voltage usage. The shaft of the eddy current motor was replaced by a 2 mm hardened steel shaft with a U-shaped fork brazed onto one end to suspend the contact ring. The shaft was supported by precision micro ball-bearings.
At the other end of the shaft a shaft-positionencoder was mounted (Hohner Elektrotechnik, Tuttlingen, W-Germany), consisting of a transparent disc with 1000 radial, black lines and two fixed light-emitting diodes shining through the edge of the disc onto two light-sensitive transistors. The contact ring was fitted on the fork of the shaft in a sliding fashion. It was turned from teflon, which has a very low coefficient of friction and so will cause the least trouble when an eyelid inadvertently touches the contact ring.
The contact ring consisted of a cylinder with internal and external diameters of 12 and 14.5 mm. The end of the cylinder rested on the sclera near the limbus, but as the horizontal diameter of the cornea is slightly more than 12 mm, the contact ring covered small parts of the cornea, medially and laterally. In
